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Accumulating evidence suggests that myeloid-derived suppressor cells (MDSCs) underpin an immunological checkpoint 
that is activated during inflammation or "inflammatory-like" conditions like cancer. Here, we discuss the identification of 
MDSCs in patients receiving allogeneic hematopoietic stem cell transplantation and their potential as therapeutic targets 
or tools for improving the efficacy of this treatment. 



Nowadays, allogeneic hematopoietic 
stem cell transplantation (allo-HSCT) 
represents the only curative regimen for 
a number of malignancies. The thera- 
peutic success of allo-HSCT based on 
the immunological interaction between 
donor and recipient cells, highlight- 
ing the ability of the immune system to 
eradicate malignant lesions, at least under 
selected circumstances. The most promi- 
nent cell populations implicated in this 
process, which is commonly known as 
graft- vs. -tumor (GvT) effect, are T and 
natural killer (NK) cells. However, such 
a beneficial effect — which results from 
the immunological non-identity between 
the host and the donor — is regularly 
linked to an unwarranted involvement 
of healthy recipient tissues. The so-called 
graft- vs. -host disease (GvHD) is largely 
responsible for transplantation-related 
mortality and morbidity. 1 During the 
process of immune reconstitution that 
follows allo-HSCT, a delicate immu- 
nological balance determines whether 
patients develop a therapeutic GvT effect 
or a self-limiting GvHD, and at the same 
time whether they successfully withstand 



microbial challenges. Thus, deciphering 
the immune components that orchestrate 
GvT reactions as opposed to GvHD has 
attracted major interest. 

Myeloid-derived suppressor cells 
(MDSCs) have been recently recognized 
as potential players in the setting of allo- 
HSCT. During the past decade, MDSCs 
have been intensively investigated as part 
of the immune cells that infiltrate solid 
tumors such as renal cancer and mela- 
noma. 2 MDSCs have been shown to exert 
robust immunosuppressive functions, 
thus representing the myeloid counterpart 
of regulatory T cells (Tregs). The accu- 
mulation of MDSCs in cancer patients is 
thought to stem from an increased mobi- 
lization of myeloid precursors from the 
bone marrow, a differentiation block and a 
re-programming of matured myeloid cells 
toward an immature and immunosup- 
pressive phenotype. Most likely, all these 
mechanisms act simultaneously in can- 
cer patients, explaining the vast hetero- 
geneity of MDSCs. Despite some extent 
of heterogeneity (in terms of phenotype, 
immunosuppressive mechanisms and 
defects in signaling pathways associated 



with myeloid differentiation), which pre- 
sumably originates from disease-specific 
shaping microenvironments, a relatively 
defined dichotomy has been proposed 
to classify MDSCs in a monocytic and 
a granulocytic subset. The MDSC rep- 
ertoire of T and NK cell-suppressive 
mechanisms is very broad and includes 
the secretion of cytokines (e.g., trans- 
forming growth factor (3, TGF(3), the 
production of reactive oxygen species, and 
the depletion of vital amino acids (e.g., 
arginine). One common denominator of 
the accumulation of MDSCs is a driving 
inflammatory milieu. Cytokines that are 
abundant during inflammation such as 
tumor necrosis factor a (TNFa), granu- 
locyte colony-stimulating factor (G-CSF), 
and interleukin (IL)-6 are linked to 
MDSC levels in patients and stimulate the 
accumulation of MDSCs in vitro. 3 Since 
increased MDSC levels are not limited to 
neoplastic entities but occur in the course 
of various inflammatory conditions, it is 
tempting to speculate that MDSCs under- 
pin an intrinsic checkpoint for the control 
of immune responses. Such a checkpoint 
turns against the host during cancer, as 
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Figure 1. Accumulation of myeloid-derived suppressor cells in allo-HSCT. Preparatory (radio-) chemotherapy (conditioning regimen) for allogeneic 
hematopoietic stem cell transplantation (allo-HSCT) leads to tissue damage and subsequent inflammation. In addition, alloreactive donor T cells — 
which are fundamental for establishing the graft- vs. -tumor (GvT) effect — regularly target healthy tissue (preferably the liver, skin, and gut) of the 
host, resulting in a highly inflammatory condition known as graft- vs. -host disease (GvHD).The high levels of pro-inflammatory cytokines released in 
these setting stimulate myeloid-derived suppressor cells (MDSCs) as part of a physiological mechanism for the control of inflammatory damage. This 
stimulation most likely represents a multistep process, including an increased mobilization of myeloid progenitors from the bone marrow, a differ- 
entiation arrest and the re-programming of mature myeloid cells mediate immunosuppressive functions. Accumulating monocytic MDSCs following 
allo-HSCT express the enzyme indoleamine-2,3-dioxygenase (I DO), which exerts suppressive effects on T cells by depleting tryptophan and via its 
metabolites (e.g., kynurenine). Such immunosuppressive effects include the inhibition of T-cell proliferation and interferon 7 (IFN-y) production as well 
as the downregulation of CD3£. 



the latter often represents an "inflamma- 
tory-like" condition. 

Interestingly, several factors that might 
promote the accumulation of MDSCs 
come together in the course of allo- 
HSCT: (1) the preparatory (radio-)che- 
motherapeutic regimen (best known as 
conditioning) causes tissue damage and 
inflammation, (2) regenerative myelo- 
poiesis favors the efflux of immature cell 
progenitors from the bone marrow dur- 
ing early engraftment, and (3) cytope- 
nia results in a compensatory release of 
various cytokines including myelopoietic 
growth factors. In fact, a relative monocy- 
tosis is frequently observed in transplanted 
patients, regularly lasting for a year after 
allo-HSCT. We found an increased pro- 
portion of HLA-DR low or HLA-DR ne s 
cells among these monocytes, resulting 
in an overall increase in the frequency of 
CDl4 + HLA-DR low/ne s cells as compared 
with the healthy individuals. 4 This sur- 
face phenotype is typical of the monocytic 
MDSCs that are found within various 
neoplastic lesions, including melanoma. 5 
Of note, describing an aberrant myeloid 
phenotype is not sufficient for defining 
MDSCs. Rather, an experimental proof 



of their immunosuppressive functions is 
obligatory. Therefore we purified the cells 
of interest and performed immunosup- 
pression assays using activated autologous 
T cells. We observed a dose-dependent 
suppression of T cells, allowing us to term 
the myeloid cells we purified MDSCs. 
Cells with the same surface phenotype 
isolated from healthy subjects also exerted 
an immunosuppressive activity, albeit to a 
substantially lower extent. Together with 
the recent discovery that naturally occur- 
ring CDl4 + HLA-DR low,ne s cells can stim- 
ulate Tregs, 6 our findings corroborate the 
notion that MDSCs underpin an immu- 
nological checkpoint that also operates in 
physiological conditions. 

In line with the aforementioned criti- 
cal connection between cytokines and 
MDSCs, we found a significant correla- 
tion between the levels of MDSCs and the 
concentration of G-CSF, IL-6, and IL-10 
in the patients' sera. These cytokines as 
well as MDSCs declined steadily over 
time following a peak that occurs early 
after allo-HSCT, a moment that is often 
characterized by a so-called "cytokine 
storm." Our mechanistic analyses revealed 
indoleamine-2,3-dioxygenase (IDO) as 



the key mediator of the immunosuppres- 
sive activity of MDSCs in allo-HSCT. 
This enzyme, which catalyzes the rate- 
limiting step of tryptophan degradation, 
has a well-known tolerogenic activity, 
plays a major role in fetal tolerance and 
is often linked to tumor-induced immu- 
nosuppression. Blocking IDO in MDSCs 
increased T-cell proliferation, stimulated 
interferon "y (IFN7) production, and 
reduced the incidence of T-cell apoptosis. 
Interestingly, patients with severe GvHD 
had high levels of MDSCs, which is in 
line with a generalized activation of tryp- 
tophan metabolism during GvHD. 7 This 
finding could be indicative of a compen- 
satory increase in regulatory myeloid cell 
subsets, which however fail to control 
the overwhelming immune response that 
underpins GvHD. 

Based on these findings, it is tempting to 
speculate that — similar to Treg-based strat- 
egies — MDSC-based approaches might 
constitute a therapeutic option for GvHD. 
Murine models have generate promising 
data in this sense, demonstrating that the 
adoptive transfer of MDSCs can result in 
the successful control of GvHD without 
compromising GvT effects. 8,5 In addition, 
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the production of clinical-grade monocytic 
MDSCs using cytokine cocktails appears 
feasible. However, studies evaluating large 
patient cohorts for long observational peri- 
ods are required to elucidate the actual 
potential of MDSCs in patients receiving 
allo-HSCT. First, we need to unequivo- 
cally clarify the impact of MDSCs on the 
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